Objective: Sensitive, objective, and easily applied methods for evaluating disease progression and response to therapy are needed for clinical trials in Duchenne muscular dystrophy (DMD). In this study, we evaluated whether electrical impedance myography (EIM) could serve this purpose. Methods: In this nonblinded study, 36 boys with DMD and 29 age-similar healthy boys underwent multifrequency EIM measurements for up to 2 years on 6 muscles unilaterally along with functional assessments. A linear mixedeffects model with random intercept and slope terms was used for the analysis of multifrequency EIM values and functional measures. Seven DMD boys were initiated on corticosteroids; these data were analyzed using a piecewise linear mixed-effects model. Results: In boys > 7.0 years old, a significant difference in the slope of EIM phase ratio trajectories in the upper extremity was observed by 6 months of 20.074/month, p 5 0.023, 95% confidence interval (CI) 5 20.013, 20.14; at 2 years, this difference was 20.048/month, p < 0.0001, 95% CI 5 20.028, 20.068. In boys 7.0 years old, differences appeared at 6 months in gastrocnemius (EIM phase slope 5 20.83 8/kHz/mo, p 5 0.007, 95% CI 5 20.26, 21.40). EIM outcomes showed significant differences earlier than functional tests. Initiation of corticosteroids significantly improved the slope of EIM phase ratio (0.057/mo, p 5 0.00019, 95% CI 5 0.028, 0.086) and EIM phase slope (0.14 8/ kHz/mo, p 5 0.013, 95% CI 5 0.028, 0.25), consistent with corticosteroids' known clinical benefit. Interpretation: EIM detects deterioration in muscles of both younger and older boys by 6 months; it also identifies the therapeutic effect of corticosteroid initiation. Because EIM is rapid to apply, painless, and requires minimal operator training, the technique deserves to be further evaluated as a biomarker in DMD clinical therapeutic trials. ANN NEUROL 2017;81:622-632 C linical trials in Duchenne muscular dystrophy (DMD) rely on measures of function and strength, such as the 6-minute walk test (6MWT), to assess outcome.
C linical trials in Duchenne muscular dystrophy (DMD) rely on measures of function and strength, such as the 6-minute walk test (6MWT), to assess outcome. [1] [2] [3] Although practical, such tools have substantial limitations, including requiring boys to be cooperative and ambulatory. Interpretation of functional outcomes over time in young children with DMD is also complicated by age-related improvements in strength and function. 2, 4 Recent studies employing the 6MWT enroll only ambulant children older than 7 years in whom repeatable data can be obtained and in whom a measurable rate of decline is anticipated. 5, 6 Researchers continue to seek more effective tools for evaluating the effect of therapy in DMD, regardless of age. For example, biopsies evaluating dystrophin expression can provide evidence of drug effect at the cellular level. 7 Magnetic resonance imaging (MRI) has also been used to evaluate the health of DMD muscle. [8] [9] [10] Importantly, a recent longitudinal study demonstrated MRI's high sensitivity to disease progression as measured by the amount of fat deposition using the Dixon technique, even in boys younger than 7 years. 10 However, MRI is relatively expensive, requires identical acquisition protocols across centers, is restricted to mainly lower extremity muscles in this population, and can be difficult to perform in younger children, those with behavioral problems, or those with advanced disease. Electrical impedance myography (EIM) represents another potential method for assessing the effect of therapy in DMD that does not have these limitations. 11 In EIM, the evaluator places a small 4-electrode array over a muscle of interest connected to a multifrequency impedance-measuring device (Fig 1) . 12 A very lowintensity alternating current at a range of frequencies (approximately 1kHz to 1MHz) is passed across the outer 2 electrodes; the inner 2 electrodes measure the resulting voltages. Alterations in the muscle's structure and composition, including myocyte hypertrophy and atrophy, inflammation, edema, and connective tissue and fat deposition will impact the measured impedances. [13] [14] [15] Our underlying hypothesis is that EIM is sensitive to changes in the biophysical properties of muscle due to DMD progression as well as to the effects of therapy. EIM has several additional potential advantages, including being entirely painless, being rapid to apply to a variety of upper and lower body muscles at the bedside, and providing numerical data that do not require complex image analysis. Evaluator training is also straightforward, and high reproducibility of measurements is possible. 16 Importantly, cross-sectional data obtained in both mdx and wild-type mice as well as in DMD and healthy boys demonstrate marked differences in EIM values between healthy and dystrophin-deficient muscle. 11, 13 In this 2-year, nonblinded, longitudinal study, we evaluated alterations in EIM values in a group of boys with DMD and compared changes to those of agedmatched healthy boys. Functional measures as well as quantitative ultrasound data (discussed in our companion article) 17 were also obtained. Our goal was to identify the character of EIM change in healthy children versus those with DMD. In addition, we separately evaluated alterations in a subset of DMD boys initiated on corticosteroids to determine whether EIM is sensitive to the therapeutic impact of that class of medications.
Subjects and Methods

Boys with DMD and Healthy Volunteers
Boston Children's Hospital Institutional Review Board approved the protocol, and parents and children provided written informed consent and verbal assent, respectively. Boys with DMD aged 2 to 14 years were recruited through the neuromuscular clinic at Boston Children's Hospital, as part of our QED (Quantitative ultrasound and EIM in DMD) study (the ultrasound results are reported in the companion article 17 . All boys with DMD had genetic confirmation of disease or had a brother with genetically confirmed DMD and a characteristic clinical picture. DMD boys were excluded if they were enrolled in a therapeutic clinical trial or had a concomitant condition that substantially impacted health. Boys were enrolled and followed regardless of corticosteroid use. Healthy boys had no history of neuromuscular disease or any other disorder that would affect muscle health and were recruited via advertisement and word of mouth.
Study Design
After enrollment, subjects had full assessment visits at baseline, 3 to 7 days (for reproducibility assessment; intra-examiner repeatability was assessed on all muscles and interexaminer repeatability was assessed on biceps and quadriceps only), and 1, 2, 3, 6, 9, 12, 18, and 24 months. All subjects had EIM performed at all visits as well as weight and height measurements. Age-and ability-appropriate motor function tests were also performed (see below). We aimed to enroll 35 healthy boys and 35 boys with DMD, anticipating a 15% attrition rate; this was based on a power analysis using limited preliminary data.
EIM Measurements
EIM measurements were obtained with the Imp SFB7 (Impedimed, Sydney, Australia) attached via cables to a customdesigned handheld array as previously described (see Fig 1) . 11 As with any electrophysiological test, electrode size and positioning will impact the results; details regarding probe size, angle, depth of penetration, and device specifications are FIGURE 1: Electrical impedance myography being performed on anterior forearm with a custom-designed handheld array and the commercial bioimpedance device used in this study. discussed in several previous articles. [18] [19] [20] Given that the children ranged in age, 3 differently sized electrode arrays were employed consistently on a given subject throughout the study. Measurements were performed on 6 muscles or muscle groups (deltoid, biceps, anterior forearm, rectus femoris, tibialis anterior, and medial gastrocnemius) on the dominant side; if dominance could not be established, testing was performed on the right side. The probe was placed over the bulk of the muscle using measurement paradigms based on boney prominences and other landmarks. Measurements were performed with the array placed longitudinally (current flow parallel to the muscle fibers) and transversely (current flow perpendicular to the major muscle fiber direction).
Functional Measurements
The timed supine-to-stand test was administered to all boys who could follow directions and perform the test safely 15 ; the outcome was time to complete the test. Additionally, the 6MWT was administered to boys 5 years old if they were able to reliably and safely perform the test 14 ; the outcome was total distance walked.
Data Analysis
Statistical analyses were completed using MATLAB (MathWorks, Natick, MA) and SAS version 9.4 (SAS Institute, Cary NC). Basic analyses were performed separately for boys 7.0 years and those > 7.0 years old at the baseline visit, because DMD clinical trials generally only enroll ambulatory children in the older group, where clear, predictable clinical deterioration is observed. A second reason for doing so was that our previous cross-sectional EIM analysis revealed a change in EIM values mirroring the clinical status at about 7 years of age.
1 Figure 2 demonstrates typical baseline data obtained in 4 boys, 2 healthy and 2 with DMD, showing the marked differences in impedance spectral characteristics. The 3 major basic impedance variables are the resistance (a measure of difficulty passing current through the tissue, generally increasing with disease progression), the reactance (a measure of the capacitive effects of the cell membranes, generally decreasing with disease progression), and the phase (equal to the arctan [reactance/resistance], also decreasing with disease progression). (Magnetic inductive effects are not believed to contribute to the impedance in biological systems. 21 ) In this study, we analyzed phase values, because they are less impacted by interelectrode distance variation than reactance and resistance. In much of our work to date, we have utilized singlefrequency values, including in studies of DMD 11 as well as in amyotrophic lateral sclerosis 22 and spinal muscular atrophy. 23 However, multifrequency rather than single-frequency outputs are often employed in the bioimpedance field, because they provide a richer portrait of tissue condition. 2 We have also identified that multifrequency values, including a 2-frequency phase ratio (EIM-PR) 24 and average EIM-phase slope (EIM-PS) estimated using a linear model, 23 are both more sensitive to disease progression and can help reduce the impact of the subcutaneous fat on the obtained data (because muscle and fat have distinct frequency-dependent impedance characteristics). 24 These measures in the form of a 100kHz/300kHz ratio and a least-squares fit of the EIM data between 100 and 500kHz were the primary outcomes employed here. (Note that the previous study reported on the 50/200 ratio 24 ; however, subsequent unpublished work has supported that the 100/300 ratio is more robust.) In addition, previous work in both animals and our cross-sectional analysis in humans suggested that the transverse (across-fiber) values would be more useful in DMD boys than the longitudinal (along-fiber) values, and thus we employed only transverse values in this analysis (the longitudinal data being obtained for future analysis of muscle electrical anisotropy). 13, 25 We evaluated single muscle, composite upper and lower extremity values (3 muscles/limb), and whole-body measures (all 6 muscles). Baseline demographic comparisons were performed using unpaired tests, 2-tailed, alpha 5 0.05. Intraclass correlation coefficients were used to evaluate reproducibility between baseline and the 3-to 7-day visit. Spearman correlation was used to relate changes in EIM metrics to functional change. Longitudinal analysis was performed using a linear mixed-effects model for each muscle's EIM and functional data with random intercept and slope terms to account for within-subject correlations and between-subject variability under the missing-at-random assumption. Outcomes at 3 time points were calculated to assess validity of results at standard clinical trial lengths (6 and 12 months) as well as the general robustness of the measure in the natural course of disease progression over 2 years. For these analyses, the main result of interest was the slope difference because it has the most direct relevance to clinical trials. Missing data were not imputed, but all measurements were included, except for those from boys who were initiated on corticosteroids during the study. The baseline age effect was estimated using the healthy control data that were subsequently removed from both populations prior to the analysis. Prior to analysis, given their small numerical values, the EIM-PR and EIM-PS were multiplied by scaling factors of 10 and 1,000, respectively, to avoid rounding-off errors in SAS and to improve presentation in figures and tables. The final model selection was performed using Akaike information criterion. Likelihood ratio test for the nested models was also used to test the significance of variance-covariance parameters of the random effects. In addition, we applied the Benjamini-Hochberg false discovery rate procedure, 26, 27 which controls for expected proportion of false discoveries relative to total discoveries, to control for multiple comparisons across all times and muscles/ muscle groups analyzed. This approach was chosen over the more conservative Bonferroni correction because (1) the total number of comparisons performed (N 5 36) is large and (2) individual muscle and time point data are not truly independent of one another; for this analysis, we accepted the proportion of false discoveries to be 10% (ie, q 5 0.10), implying that 1 in 10 significant findings were actually true nulls. Finally, sample size estimates for a potential clinical trial were obtained using the effect sizes observed in our current study. Specifically, effect size was computed as (mean slope difference)/(slope difference standard deviation), where the difference is between the healthy and DMD boys. The standard deviation of the slope difference is obtained as the square root of the sum of 2 terms: the residual variance divided by a factor dependent on the linear trend of the design matrix (within-subject variance) and the random slope variance (between-subject variance). The factor for the residual variance in our model is the sum of squared deviations of the timepoints of measurements from the average measurement period. This estimate of standard deviation can also be obtained easily from the estimated slope difference standard error from the mixed-effects model. For our sample size calculation, we have assumed that the measurements are obtained at every month (which is different from our current study design) with 80% power.
To evaluate the impact of corticosteroids, we compared post-steroid-initiation data to values from those same boys preinitiation combined with those boys who were not on steroids at any time, estimating slope differences using a piecewise linear mixed effects model. Figure 3 , a CONSORT flowchart, summarizes the overall enrollment for the study (for both the EIM and quantitative ultrasound data collected, the latter being analyzed and discussed in the companion article). For EIM, a total of 37 DMD boys and a total of 31 healthy controls were initially screened and enrolled. Of these, 1 DMD and 2 healthy controls were excluded due to insufficient data. Thus, a total 36 boys with DMD, mean age 5 7.3 years (range 5 2.2-13.1 years), and a total of 29 healthy controls, mean age 5 7.1 years (range 5 2.0-14.6 years), had data that were included in the analysis; these ages were comparable (p 5 0.85). Whereas all healthy controls returned for at least 1 follow-up visit, 6 of these DMD boys did not return for follow-up visits; nonetheless, all data in both groups were included in the analyses performed (see Supplementary  Table 1 for detailed breakdown of participation by visit). Sixteen boys with DMD were taking corticosteroids throughout the study, 7 initiated corticosteroids during the study, and 13 were not treated with corticosteroids. Of the total EIM measurements made, 4.5% were excluded from the analysis due to poor technical quality. There were a total of 252 healthy subject and 217 DMD patient EIM assessment sessions over the 2-year period included in the analysis. Supine-to-stand test was performed a total of 110 times in 23 DMD boys and 189 times in 29 healthy controls; 6MWT test was performed 62 times in 16 DMD boys and 155 times in 24 healthy controls.
Results
Subjects
Intra-and Interexaminer Repeatability
Repeatability data between the two first visits, spaced no more than 1 week apart, for both the EIM-PR and EIM-PS are presented in Table 1 . Both intra-and interexaminer repeatability were good to excellent in both healthy and DMD boys.
EIM Change in Boys >7.0 Years of Age
The EIM-PR in the upper extremities showed a significant difference between healthy boys and those with DMD at 6 months of age, and the significance of this difference increased out to 2 years, with slope differences ranging from 20.074/month, p 5 0.023, 95% confidence interval (CI) 5 20.013, 20.14 at 6 months to 20.048/month, p 5 < 0.0001, 95% CI 5 20.028, 20.068 at 2 years; in the lower extremities this became significant only at 24 months and in the combined 6-muscle average metric at 12 months (Fig 4 and Table 2 ). The EIM-PS measure also showed significant change at 12 months onward, mainly in the anterior forearm (see Supplementary Table 1) . False discovery rate analysis appropriately reduced the number of significant findings. These upper versus lower extremity differences may represent a floor effect in lower extremity muscles; see the Discussion section for additional detail on this point. Table 1 ). Again, as expected the false discovery rate analysis reduced the significance of findings to just the gastrocnemius values at 6 months. These changes may also reflect a floor effect observed in the lower extremity muscles and in the gastrocnemius specifically and participant dropout over longer study periods. 
EIM Changes in Boys
7.0 Years Old As anticipated, the alteration in values in younger boys was subtler. Whereas the EIM-PR showed no significant difference in upper or lower extremities, the EIM-PS measure showed a significant change in gastrocnemius as early as 6 months (20.83 8/kHz/mo, p 5 0.0068
Correlation to Standard Functional Measures over Time
In younger DMD boys, the changes in EIM-PS in lower extremities correlated with the change in the supine-tostand test time (rho 5 0.62, p 5 0.0081). In older boys, changes in upper extremity EIM-PR had a similar strength correlation to 6MWT (rho 5 0.55), although significance was not reached (p 5 0.082).
Effect Sizes and Clinical Trial Sample Size Estimations
Based on the rates of progression, we calculated effect sizes and sample sizes for hypothetical clinical trials that utilized these EIM metrics as outcome markers of drug efficacy in the older boys using the EIM-PR and the EIM-PS in the younger boys, assuming both 100% and 50% treatment effects in the assessed values. Table 3 shows these values for the younger and older boys based on our analyses and in comparison to the 2 standard functional measures obtained (the timed floor-to-stand in the younger boys and the 6MWT in the older boys) with studies of 6-and 12-month duration, assuming 80% power, 2-tailed. As can be seen, the EIM indices showed smaller sample sizes than using the functional assessments for both age groups. The effect size values are of a similar order to those recently reported for MRI.
10
Effect of Corticosteroids Seven boys (mean age 5 5.8 years) were placed on corticosteroids during the study. These drugs included prednisone, prednisolone, and deflazacort, the last obtained from abroad, at varying doses. Figure 5A summarizes the EIM-PR 6-muscle data for these 7 boys from baseline to their last corticosteroid dose; Figure 5B summarizes the same data for the 9 boys of similar age who were not on steroids at any time. As can be seen, in all boys in whom corticosteroids were initiated, there was an increase in 
Discussion
These results show that EIM has the potential of identifying progression of DMD in boys within 6 months, a length of time comparable to that achieved with MRI, and that it may also be sensitive to the beneficial effect of corticosteroids. We believe that taken together, these data support that EIM may be able to serve as a biomarker in DMD clinical trials, especially because the technology is convenient to apply and demands relatively minimal training. However, it is important to emphasize that this study also raises new uncertainties as to exactly how EIM would be employed, because different metrics were effective in different muscles in younger as compared to older boys. In this analysis, we have focused on multifrequency impedance values, both a 2-frequency ratio and a leastsquares fit of the multifrequency data. 24, 28 The use of multifrequency metrics is the underlying principle of the field of bioimpedance spectroscopy, because it has long been recognized that single-frequency data offer limited insight into tissue condition. The approach of reducing the impedance spectrum to a single value is commonly employed. 21 In the case of DMD, multifrequency data are anticipated to be more sensitive to myofiber diameter, because the entire impedance spectrum shifts to the left These results assume 80% power and monthly evaluations. 6MWT 5 6-minute walk test; EIM 5 electrical impedance myography.
(to lower frequencies) as myofibers enlarge 21 ; capturing this effect is not possible using single-frequency data. Second, the impedance characteristics of fat are considerably different from those of muscle. 29 By using multifrequency values, we have been able to show that the impact of subcutaneous fat on the measurements can be greatly reduced while still maintaining a strong correlation to function. 24 As a post hoc analysis, we also evaluated single-frequency values (eg, 50kHz transverse phase). As anticipated, these were less effective at identifying differences over time; for example, the 50kHz transverse phase only showed a difference in upper extremity values at 24 months (p 5 0.032). This finding of reduced sensitivity is consistent with our spinal muscular atrophy results. 3 What do these multifrequency EIM changes represent? In boys with DMD, increasing fat and connective tissue and associated myofiber loss and atrophy likely cause a shift in the frequency spectrum, with increasing values at higher frequencies and reductions at lower frequencies (see Fig 2) . Stated another way, a gradual reduction in the 100kHz value and increase in the highfrequency values decreases the calculated ratio; the phase slope metric captures an analogous change. In healthy muscle, normal growth and maturation and increasing muscle fiber diameter cause an increase at 100kHz but a reduction at 300kHz, thus producing a greater ratio and a corresponding increase in EIM-PS.
Like much research assessing new concepts and technologies, this study answers some questions but raises new ones. For example, why do upper extremity muscles appear to show larger/more consistent changes in older boys? Why would the lower extremity muscles of younger boys be more sensitive to change? It is possible that by the time a boy with DMD reaches age 10 or 11 years, his lower extremity muscles are already showing considerable disease. It may be easier to detect alterations in less affected upper extremity muscles. In younger boys, in contrast, the lower extremities would be expected to show the first evidence of disease progression, because this is the region that is typically first affected.
One of our decisions in this study prior to analysis was to separate the younger boy data from the older boy data. The main reason for doing so was that although some younger DMD boys lose motor function or remain stable, many gain motor milestones up until the age of approximately 7 years, at which point nearly all DMD boys begin to lose function. 30 Because we have previously shown in a cross-sectional analysis that basic EIM parameters appear to correlate positively with age in younger boys and negatively correlate in older boys, 11 this seemed a reasonable approach to consider. Many clinical trials employ strict age cutoffs. Nonetheless, such limitations may not be necessary, as our corticosteroid initiation data demonstrate. Our analysis suggests the identification of a treatment effect regardless of age, the boys ranging from approximately 4 to 10 years old at the time of corticosteroid initiation. The observed rapid alteration in EIM values in the subgroup of DMD boys initiated on corticosteroids further supports EIM's potential utility, because corticosteroids generally improve function in the months following initiation. 31 We can only speculate as to the reasons underlying the often abrupt and marked impedance change. A possible explanation is that EIM is detecting a reduction in ongoing inflammation/muscle fiber breakdown or a restoration of more normal myocyte growth. However, it seems unlikely that it represents a reduction in fat or connective tissue deposition, because those tissues would likely not be impacted positively by steroids in the short term; moreover, if those effects were present, we may have seen a corresponding change in the quantitative ultrasound data, which was not apparent, as described in our companion article. 17 Despite the presence of an observed effect of corticosteroids and differences in trajectories for the EIM parameters in healthy versus DMD boys, there clearly remain challenges to the application of this technique in a clinical trial. For example, would different outcome measures or different body regions need to be studied? What threshold for EIM improvement would be needed to support an actual functional improvement? Although these questions are important, it is also essential to remember that currently a biomarker such as EIM would likely only be used in clinical trial research to assist in early go/no-go decisions regarding further therapy evaluation. Ultimately, for regulatory approval, an actual functional improvement would still be required.
In addition to our other analyses, we also completed a false discovery rate analysis given the large number of comparisons that were made. Although we believe that this more conservative interpretation of the data is necessary to be complete, it is important to recognize that the nature of this work is as much hypothesis generating as it is hypothesis testing. Identifying novel metrics of disease progression using a new technology may require a less-restrictive perspective than for a technology such as MRI that has been studied and developed by countless investigators over many decades. In short, much remains unknown about EIM and its relationship to DMD. It is very possible, for example, that other still more sensitive and effective EIM metrics will be identified as the technology continues to mature.
It is unlikely that any future therapy, no matter how effective, will put the muscle of boys with DMD on a normal trajectory of growth and maturation. In most instances, therapies will likely transform DMD into a milder Becker muscular dystrophy-like phenotype and not provide complete disease reversal. Thus, the sample size analysis must be interpreted conservatively, because it is more likely that at best, only a partial response is to be anticipated. Accordingly, in our sample size estimations we included a 50% treatment effect size as well as the more typically reported 100% effect. Of note, effect sizes for the EIM measures in Table 2 are in the range of those sought in several double-blind placebo-controlled clinical trials that relied on functional outcome measures (effect sizes of 0.5-1.29).
32-35
The results we have observed here mirror findings in mdx mice, 13 in which EIM phase values were lower in 2-year-old than 6-month-old mice. EIM values also correlated to both cell size and connective tissue deposition, supporting the technique's construct validity. Also, marked differences compared to wild-type animals were already present at 6 months, a time when very little fat, edema, or connective tissue infiltration is present. This supports that observed EIM differences can be due to primary cellular morphology effects.
There are a number of limitations to this study. First, the technology being used here incorporated a system not specifically designed for muscle assessment. The handheld arrays also did not use optimized designs. For example, recent work has shown that positioning of the current-emitting electrodes further from the voltagemeasuring electrodes affords improved sensitivity to muscle condition and reduces the impact of subcutaneous fat. 18 Second, there are a variety of potential EIM parameters to evaluate. Whereas work has demonstrated that various multifrequency metrics might improve upon standard single-frequency parameters in assessing progression across a variety of disorders, including spinal muscular atrophy, 28 disuse atrophy, 36 and amyotrophic lateral sclerosis, 37 their application to DMD is new. Clearly, the results will thus require validation in separate studies. Third, this is a single-site investigation, and it would be important to replicate these findings in a multicenter cohort. Fourth, we have only examined nonlinearity visually in our outcomes. Further work using nonparametric statistical approaches may lead to a better understanding of trajectories over longer durations. However, we are restricted from doing so here by missing data and the sample size in this study. Fifth, a much greater loss of follow-up visits in DMD patients over time may have reduced the significance of findings over longer lengths of time. Similarly, there are relatively fewer data points for the 6MWT and supine-to-stand test, likely reducing significance of those functional measures as well. Finally, the sample size comparisons are meaningful for that measure only. In other words, detecting a 50% treatment effect using an EIM measure may not necessarily translate into a 50% functional improvement. Nonetheless, we did observe a significant relationship between change in 6MWT distance and EIM metrics. This study supports the basic concept that EIM is sensitive to disease progression in both younger and older boys with DMD and can also detect a corticosteroid treatment effect. Given its extreme ease of application, from both evaluator and patient standpoints, further study of this novel tool in DMD clinical therapeutic trials should be pursued.
